The development of Pneumocystis carinii infection in immunosuppressed rats is important not only in understanding the infection, but also as a source of R carinii antigen for use in diagnostic serological tests. The aims of this study were to monitor the progression of R carinii infection in the Sprague Dawley rat model and then determine parameters that indicate the maximum production of R carinii antigen. Seventeen Sprague Dawley rats were killed at intervals up to 9 weeks after the start of immunosuppressive therapy. The progression of R carinii lung infection was observed by Giemsa staining of lung imprints and by a hemi-nested polymerase chain reaction (PCR). Body weight, food and water intake and the appearance and activity of the rats were measured daily. Seven control rats were kept under the same conditions. R carinii infection was detected in the lung 2 weeks after immunosuppression by hemi-nested PCR and after 3 weeks by Giemsa staining. No R carinii DNA was detected in any of the blood samples. Rats with moderate or severe lung infection had been immunosuppressed for 3 6 weeks. Body weight was significantly greater in control rats than in the immunosuppressed rats. Six weeks of immunosuppression was used as a cut-off to determine measurements to identify those rats with moderate or severe infections in their lungs. A combination of >34% body weight loss at 6 weeks after immunosuppression and the condition of the animals with scores d 9 used in conjunction with duration of immunosuppression may be infection from individual rats.
Introduction
The development of Pneumocystis carinii infection in the immunosuppressed rat model has been widely used in laboratories since it was first reported [I] . In-vitro culture methods have been developed, but with limited results [2] ; the yield of I? carinii is lower and host cell contamination remains a difficulty. Although culture with cell monolayers on micro-carrier beads has been reported with little host cell contamination [3] , the yield of I? carinii was not greater than culture methods. It has been suggested that the detection of I? carinii in samples other than lung may provide an alternative means of obtaining organisms [4] . There have been several reports of the detection of I? carinii in blood from immunosuppressed rats [5-71. Therefore, in this study, the progression of I? carinii infection in blood as well as lung was investigated.
useful to maximise the yield of R carinii
In this laboratory, I? carinii infection is induced in the rat model to produce antigen for a diagnostic serological indirect fluorescence assay [ 81, Western blotting techniques [9] and as a source of I? carinii DNA for a hemi-nested polymerase chain reaction (PCR) assay [lo] . However, substantial yields of I? carinii are required, and the technical time required to maintain animals and prepare these antigens can be considerable. In addition, losses can occur if animals are killed too early, with little or no I? carinii infection in the lungs, or too late resulting in death. Thus a further aim of this study was to maximise the yield of I? carinii from the rats and to identify particular measurements which may be useful indicators of infection.
Materials and methods

I? carinii production was induced in 17 Sprague
Dawley rats by immunosuppression with twice weekly injections of 2 X 0.5 ml of hydrocortisone acetate (25 mg/ml) [ 11. During immunosuppression various physical factors were recorded; body weight, food and water intake. The body weight loss of each rat was calculated at the beginning of each week by dividing the difference of the body weight at day 0 of immunosuppression and the body weight at the day of measurement by the body weight of the rat at day 0 and expressing the result as a percentage. The appearance and activity of each rat were recorded as follows: very thin, thin, quite thin, slightly thin, normal and quiet, quite lively, lively and very lively. Scores of 1, 2, 3, 4, 5 and 1, 3, 5, 7 were allocated to the categories of appearance and activity, respectively. The greater the score in both categories, the better the appearance, or the greater the activity of the rat. A different score range was allocated for activity than appearance (1-7 compared with 1-5), as activity was considered to indicate more accurately the effects of l? carinii pneumonia (PCP) than appearance. The appearance and activity scores for each rat were added and then presented as a score of the clinical condition of the rat. All these factors were recorded on a daily basis or every second day. The same measurements were carried out for the seven control animals on a daily basis or every second day for 9 weeks.
One rat was killed at day 0, the 16 immunosuppressed rats were killed at intervals up to 9 weeks of immunosuppression. Proportionally more rats were killed from 3 to 4 weeks onwards, as after this time, rats are likely to be heavily infected. All of the rats were exsanguinated; blood was taken into lithiumheparin tubes and separated into mononuclear and polymorphonuclear fractions with Histopaque 1077 and Histopaque 1 1 19 respectively (Sigma) [lo] . Briefly, the blood was layered on to an equal volume of Histopaque and centrifuged at 400 g for 30 min. The white cell fraction was removed and washed in sterile phosphate-buffered saline (PBS) twice and sterile distilled water (SDW) once. The pellet was made to a volume of 100 pl in SDW, and treated with proteinase K (final concentration 200 pg/ml) at 55°C for 2 h; the enzyme was inactivated by heating to 99°C for 10 min. The samples were stored at -20°C until tested. The lungs were removed, weighed and imprints were made and stained by Giemsa (Sigma). The degree or severity of infection was assessed by counting the number of cysts seen at XlOOO magnification oil immersion microscopy with the following criteria: no cysts/slide, negative; < 1 cyst/ field, a light infection; 1-5 cysts/field, moderate; and > 5 cysts/field, heavy infection. The lungs were treated with proteinase K as described above and stored at -20°C until tested by the hemi-nested PCR. The hemi-nested PCR has been described previously [ 101 and is specific for a gene sequence coding for the large subunit of mitochondria1 rRNA. The lung and blood samples were tested neat and at a 1 in 10 dilution. Each blood sample was seeded with 100 pg of I? carinii DNA to determine whether inhibition had occurred.
Results were analysed statistically by the t-test [ I l l and the relative variability was calculated by Pearson's coefficient of variation for the daily food and water intake [12] .
Results
The body weights of control rats were significantly greater than those of immunosuppressed rats (p < 0.001, t test). The daily food intake of control rats (30.7SD3.9 9) was also significantly greater than that of immunosuppressed rats (1 7.9SD3.6 9) (p < 0.001, t test). However, the relative variability was greater in the immunosuppressed group than in the control group. There was no difference in the average water intake, although the relative variability was greater in the immunosuppressed group.
The duration of immunosuppression was significantly different (p CO.05, t test) in rats with moderate or heavy lung infection; rats with a moderate or severe infection were immunosuppressed for 3 6 weeks (Table 1) . To identify rats with moderate or severe 49 carinii infection a value of 6 weeks immunosuppression was used to determine the cut-off value of potential measurements. The change in the body weight loss of the immunosuppressed rats over the period of immunosuppression is presented in Fig. 1 . With this cut-off at 6 weeks, a mean body weight loss of >34% was observed in rats with moderate or severe l? carinii infections. The mean scores of the condition of the rats were plotted against the duration of immunosuppression (Fig. 2) and a mean score of d 9 was observed in rats with moderate or severe infection.
I? carinii infection was detected 2 weeks after immunosuppression in rat lungs by hemi-nested PCR and after 3 weeks by Giemsa staining (Table 1) . Two rats gave negative results, two rats had E! carinii infection below the level of detection by Giemsa staining, six rats had mild infection, three rats had a moderate infection, and four rats had severe infection. The volume of blood collected from each rat ranged from 1 to 3 ml. All the buffy coat fractions were negative by hemi-nested PCR, although their respective seeded samples were positive. The lung weight (as a percentage of total body weight) was > 1.0% in those rats with moderate or severe infection (Table 1) . The lung weight of the seven controls rats was 0.3-0.4%.
Discussion
In the rat model, I? carinii is considered to be characterised by localisation within the lung [13] . In this study, I! carinii infection was detected as early as 2 weeks after immunosuppression by hemi-nested PCR and the organism was observed a week later with Giemsa-stained lung imprints by oil immersion microscopy. These results are similar to those obtained by other workers who, with a primary PCR based on primers from the dihydrofolate gene [6] or primers based on a gene which has homology with major surface glycoprotein (MSG) genes of rat-derived I? carinii [ 5 ] , detected l? carinii organisms in rat lungs from 2 weeks after starting immunosuppression. After 6 weeks of immunosuppression the lungs contained many l? carinii organisms, the greater loads being observed in rats that had been immunosuppressed for longer (up to 9 weeks). It was not possible to continue immunosuppression after 9 weeks as the condition of the animal deteriorated to such a degree that it needed to be killed.
P carinii was not detected in any blood samples tested, suggesting that there was no fungaemia during immunosuppression, which is similar to the negative results obtained in previous studies [lo] . However, varying results have been reported: workers have found negative P carinii in-vitro culture results in 15 rat blood samples [4] whereas two other groups [5, 61 detected P carinii DNA in serum samples -in blood from rats immunosuppressed for 8 weeks [5] and from 12 rats after immunosuppression for 10 weeks [6] -by PCR assay. Detection of fungaemia by a sensitive technique such as PCR does not indicate that experimentally useful numbers of organisms are present and in this study fungaemia was not detectable even by PCR of large blood volumes (1-3 ml) taken after periods of immunosuppression leading to wellestablished lung infection.
Demonstration of extrapulmonary infection in other tissues is also variable. We have not demonstrated this in DNA amplification studies [lo] , nor have others by in-vitro culture [4] . However, it has been described in various tissues from immunosuppressed rats by other workers: in the liver of two rats after immunosuppression for 7 weeks by PCR [13] ; in the lymph nodes at 6 weeks after immunosuppression and in adrenal, heart, kidney, liver, spleen and thyroid tissues after 8 weeks [5] . In the latter study, an 8% low protein diet was given as well as immunosuppression, which can increase the yield of steroid-induced P carinii infection [ 141. Chary-Reddy and Graves noted that those rats with disseminated infection had very heavy P carinii loads in their lungs [5] and thus organism load in the lung may influence disseminated infection in the rat. However, in the present study the lungs were heavily infected by week 9, suggesting that other factors are also important and that organism load in the lung is not the sole contributing factor.
The use of potential measurements to identify the degree of L9 carinii infection assists in maximising the yield of organism from the rat. Although the lung weight, presented as a percentage of the total body weight, appears to be a useful indicator of the degree of infection (a figure of 3 1% being observed in lungs with a moderate or heavy infection, Table l), it is not an ideal measurement, as the rat has to be killed. Food and water intake are likely to demonstrate the effect of immunosuppression and variability of infection. Decreased appetite and increased respiration, both of which influence food and water intake, have seen noted previously as characteristic signs of P carinii infection [ 151. However, a single parameter or measurement was not identified that would be a usehl indicator of a greater degree of infection.
Although the duration of immunosuppression identified the two groups of animals with the greater organism load, in our experience duration of immunosuppression alone is not adequate to determine the degree of infection. A mean body weight loss of >34% and mean condition score of 9 were observed in rats with moderate or heavy P carinii infections. However, in some cases a rat with mild L9 carinii infection was found to fall into these categories (Figs. 1 and 2) . Therefore, no single measurement was considered suitable to identify the degree of P carinii infection in the lungs. However, a combination of body weight loss (%), condition and duration of immunosuppression were useful in identifying those rats with a greater organism load and should maximise the production of P carinii most effectively.
